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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to surgical lead
bodies which provide electrical stimulation to nerve tis-
sue of a patient. More particularly, but without restriction
to the particular use which is shown and described, the
present invention relates to a surgical lead body having
a minimum cross section such that the surgical lead
body may be percutaneously implanted through a mod-
ified Tuohy needle having an oblong shaped opening.

Description of the Related Art

[0002] It is known that nerve tissue stimulation is used
to treat numerous neurological disorders, including, but
not limited to, cerebral palsy, multiple sclerosis, amyo-
trophic lateral sclerosis, dystonia, and torticollis. It is fur-
ther known that nerve tissue stimulation is useful to treat
intractable malignant and nonmalignant pain. Stimula-
tion of nerve tissue of the spinal cord, for example, is
often accomplished through implanted medical leads in
the epidural space of the spinal cavity. The implanted
lead defines a lead body which includes neural stimula-
tion electrodes that conduct electrical stimulation sig-
nals from a stimulation source, such as implantable
pulse generators, to targeted nerve fibers in the epidural
space. These medical leads may be percutaneous lead
bodies which have a cylindrical shape with cylindrical
electrodes spaced along the body of the lead, see for
example US 5,895,416. Also, the medical leads may be
surgical lead bodies with electrodes spaced in an array
on a paddle-type lead body, see for example WO
99/56818.
[0003] As conventional, the percutaneous lead body
is introduced into the epidural space of the spinal cord
using a needle and stylet. The needle (commonly re-
ferred to as a Tuohy needle) and stylet are inserted into
the targeted spinal column area between adjacent ver-
tebrae until the tip of the needle and stylet are positioned
into the epidural space. The stylet is withdrawn and a
percutaneous lead body is inserted through the opening
or lumen of the needle into the epidural space and po-
sitioned at the targeted stimulation area. The needle is
then withdrawn leaving the percutaneous lead body in
the desired stimulation position. Drawbacks encoun-
tered with known percutaneous lead bodies include mi-
gration or movement of the lead body after it is implant-
ed. In addition, the cylindrical shape of the electrode in
the percutaneous lead body generates omni-directional
stimulation instead of one-directional, focused stimula-
tion.
[0004] The surgical lead body which is typically a pad-
dle-type lead body often has a rectangular, flat cross-
section. Spaced in an array on one side of the paddle

are the electrodes. The array of electrodes provides bet-
ter stimulation coverage of the targeted nerve tissue
than a percutaneous lead body. In contrast to the per-
cutaneous lead body, however, the surgical lead body
is surgically implanted into the epidural space. This re-
quires a physician to perform a laminotomy, laminecto-
my, or similar procedure, prior to the insertion of the sur-
gical lead into the epidural space. Once implanted, the
surgical lead having the flat, rectangular shape is gen-
erally more stable than a percutaneous lead and pro-
vides one-directional stimulation - stimulation more fo-
cused than a percutaneous lead body. A drawback with
the surgical lead body, however, is the performance of
a laminotomy or similar surgical procedure. Anesthesi-
ologists who frequently provide the nerve tissue stimu-
lation for a patient are often prevented from using the
surgical lead body as the laminotomy procedure is gen-
erally outside the scope of practice.

SUMMARY OF THE INVENTION

[0005] Accordingly, it is an object of the present inven-
tion to provide an implantable lead body that provides
the advantages of the surgical lead body but does not
require performing a laminotomy, or other surgical pro-
cedure, prior to implantation. It is another object of the
present invention to provide a lead body that may be
percutaneously implanted at the targeted nerve tissue.
It is yet another object to provide a lead body having the
stability of a surgical lead. Another object is to provide
a lead body having an array of spaced electrodes for
better stimulation coverage of the targeted nerve tissue.
Still another object of the present invention is to provide
a lead body having one-directional, focused stimulation.
[0006] In one aspect, the invention provides an im-
plantable medical lead for electrical stimulation at a tar-
geted stimulation area, the medical lead defining a first
and second side, comprising:

a first percutaneous lead body having at least one
electrode,
a second percutaneous lead body bonded to the
first percutaneous lead body, the second percuta-
neous lead body also having at least one electrode,
and
a non-conductive coating applied to at least a por-
tion of either of the first or second sides of the med-
ical lead,
whereby the medical lead is percutaneously im-
plantable at the targeted stimulation area.

[0007] In another aspect, the invention provides a
method of forming a surgical lead body comprising the
steps of:

providing a first percutaneous lead body having at
least one electrode,
providing a second percutaneous lead body having
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at least one electrode,
bonding the first percutaneous lead body to the sec-
ond percutaneous lead body to form the surgical
lead body, the surgical lead body defining a first side
and a second side, and
coating either of the first or second side of the sur-
gical lead body with a urethane material,

whereby the surgical lead body is percutaneously
implantable.
[0008] Briefly, in summary, the present invention com-
prises bonding together two percutaneous lead bodies,
resulting in the functional equivalent of a surgical lead
body. The inventive medical lead body forms columns
of electrodes which are either adjacent to or offset from
each other, thus forming an array of electrodes. The
bonding of the percutaneous lead bodies may be ac-
complished by a plurality of urethane bridges molded to
each of the percutaneous lead bodies. The plurality of
bridges provides structural integrity to the medical lead
yet permits the desired flexibility of the lead body. One
side of the inventive medical lead body is "masked" or
coated with a suitable non-conductive material. The
masking of one side of the medical lead body makes
that side of the lead body non-conductive and effectively
directs the stimulation signals transmitting from the cy-
lindrical electrodes toward the desired stimulated area
for focused stimulation. In contrast to the surgical lead
body, the medical lead body of the present invention
may be percutaneously implanted. The percutaneous
implantation is achieved by inserting the inventive med-
ical lead body through a modified Tuohy needle having
an oblong cross-section or other similar needle, such
as, the needle disclosed in U.S. Patent no. 6,249,707.
[0009] Examples of the more important features of
this invention have been broadly outlined above in order
that the detailed description which follows may be better
understood and so that contributions which this inven-
tion provide to the art may be better appreciated. There
are, of course, additional features of the invention which
will be described herein and which will be included within
the subject matter of the claims appended hereto.
[0010] The preferred embodiments of the invention
will be described, by way of example only, in relation to
the accompanying drawings. In the drawings, the follow-
ing figures have the following general nature:

Fig. 1 is an isometric view of the surgical lead of the
present invention.
Fig. 2 is an enlarged isometric view of the lead of
Fig. 1 illustrating the position of the electrodes and
the urethane bridge.
Fig. 3 is an enlarged isometric view of an alternative
embodiment of the lead of Fig. 1
Fig. 4 is an enlarged isometric view of one of the
percutaneous lead bodies of Fig. 1 illustrating a
possible location of the non-conductive coating (the
coating is slightly removed for clarity).

Fig. 5 is an enlarged cross-section view of Fig. 2
taken at line 5-5 illustrating a possible location of
the non-conductive coating.
Fig. 6 is an enlarged cross-section view of Fig. 2
taken at line 6-6 illustrating the urethane bridge.
Fig. 7 is an enlarged cross-section view of Fig. 2
taken at line 5-5 illustrating an alternative location
and application of the non-conductive coating (the
coating is slightly removed for clarity).

[0011] In the accompanying drawings, like reference
numbers are used throughout the various figures for
identical structures.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] Referring to Figs. 1 and 2, there is disclosed a
preferred embodiment of the medical lead 10 of the
present invention useful for spinal cord, deep brain and
peripheral nerve stimulation. The inventive medical lead
10 has a sufficiently small cross-section so as to permit
percutaneous implantation of the lead at a targeted stim-
ulation area via a modified Tuohy needle having an ob-
long cross-section. Significantly, the medical lead 10
provides the advantages of a surgical paddle-type lead,
such as, better stimulation coverage and improved sta-
bility, without a physician or anesthesiologist having to
perform a laminotomy or other similar surgical proce-
dure to implant the medical lead.
[0013] As depicted in the figures, the medical lead 10
includes a pair of percutaneous lead bodies 12, 14
which are joined together in parallel relation along the
edges of each lead. Note that the lead bodies 12, 14
may be molded as a one-piece body depending on de-
sired rigidity of the lead 10, more fully discussed below.
As conventional, each of the lead bodies 12, 14 define
a cylindrical lead body and a round end. The lead body
is made from polyurethane or other suitable material.
Spaced along each of the lead bodies 12, 14 is at least
one electrode 16 to provide electrical stimulation to the
targeted nerve tissue. Each electrode is typically cylin-
drical in shape and thus provides stimulation in all direc-
tions away from the lead body. It should be understood
that other shapes and types of electrodes may be used
with the present invention and still be considered to be
within the scope of the same. Each of the lead bodies
12, 14 further include at least one wire conductor, not
shown, connected to the electrodes. As conventional,
each wire conductor of the lead bodies 12, 14 may be
coupled to an implantable neurological pulse generator,
additional, intermediate wiring, or other stimulation de-
vice. The stimulation pulses produced by the implanta-
ble neurological pulse generator or other stimulation de-
vice are carried from the pulse generator through the
wire conductors to the electrodes in each lead body 12,
14 and out to the targeted tissue. The plurality of elec-
trodes permits varying stimulation of the targeted area.
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That is, one or more of the electrodes on the lead bodies
12, 14 transmit the stimulation pulses to targeted human
tissue depending on the desired stimulation.
[0014] As depicted, the percutaneous lead bodies 12,
14 are joined in parallel relation and bonded together by
a urethane material, such as polyurethane or other suit-
able material. The bonding is preferably achieved by a
plurality of urethane bridges 20 spaced along the lead
bodies. It should be noted that other attachments or
means for bonding the lead bodies may be used with
the present invention. The preferred urethane bridges
20 are molded to the lead bodies 12, 14 through a heat-
ing process not pertinent to the present invention. The
spaced apart location of the bridges 20 creates a suffi-
ciently rigid lead assembly that may be inserted through
the needle and yet is flexible for enhanced positioning
at the targeted area for effective stimulation coverage.
The number and location of the urethane bridges will
vary depending on the desired rigidity or flexibility of the
medical lead 10 and these variations are considered to
be within the scope of the present invention. Note that
the percutaneous lead bodies 12, 14 may be molded as
a single lead, thereby effectively creating a single, con-
tinuous urethane bridge between the lead bodies, a
bridge extending the full length of the lead bodies 12, 14.
[0015] As illustrated in Fig. 2, there is shown one em-
bodiment of the positioning of the percutaneous lead
body 12 relative to the percutaneous lead body 14 for
controlled orientation of the electrodes 16 of the lead
bodies. As depicted, the electrodes 16 on lead body 12
are positioned substantially adjacent to the electrodes
16 on lead body 14. Adjacent electrodes may be in con-
tact with each other or may be spaced apart from each
other. Note that the contacting electrodes may be in
physical contact with each other but not in electrical con-
tact due to masking of one of the electrodes between
the adjacent electrodes, as exemplified in Fig. 5. The
lead bodies 12, 14 carrying the contacting electrodes
may be connected to each other via one or more ure-
thane bridges. Alternatively, the lead bodies may be
connected via a single continuous urethane bridge, as
described above. In the same manner, the lead bodies
12, 14 carrying the spaced apart electrodes may be con-
nected to each other via either one or more urethane
bridges or a single continuous bridge.
[0016] Alternatively, as shown in Fig. 3, the lead bod-
ies 12, 14 may be positioned such that the electrodes
16 are off-set or staggered relative to each other. Again,
the urethane bridges are positioned between the elec-
trodes. Depending on the desired rigidity of the lead 10,
the embodiment of staggered electrodes creates a more
rigid structure than the embodiment where the elec-
trodes are positioned adjacent to each other. As stated
above, the number and location of the urethane bridges
further affects the rigidity of the lead 10. In either em-
bodiment, however, the electrodes form an array and
are spaced both laterally and longitudinally from each,
similar to a surgical paddle-type lead. This array pro-

vides the advantages of the surgical lead, namely, stim-
ulation coverage of a larger targeted area and varying
stimulation of the nerve tissue.
[0017] The medical lead 10 of the present invention
defines two sides. As exemplified in Figure 4, applied to
either of the sides is a non-conductive coating 18, pref-
erably a polyurethane, parylene, or similar type coating
or paint. The non-conductive coating applied to a portion
of the medical lead 10, and specifically the electrode,
renders that surface non-conductive. This has the effect
of directing the stimulation signal toward the conductive
side  the side opposite the coated side  for focused
stimulation. Significantly, by coating one side of the
medical lead 10 to focus the electrical signal, the lead
functions in a manner similar to the surgical paddle-type
lead where the electrical signal is transmitted in only one
direction. It should be understood that depending on the
desired stimulation, the amount of coating and the elec-
trode area covered by the coating may vary, as exem-
plified in Fig. 7. In operation, the medical lead 10 is im-
planted with the non-coated side of the medical lead 10
placed adjacent to the targeted tissue.
[0018] The preferred embodiments of the invention
are now described so as to enable a person of ordinary
skill in the art to make and use the same. Variations of
the preferred embodiments are possible without being
outside the scope of the present invention. As an exam-
ple, one or more percutaneous lead bodies may be
bonded to either of the percutaneous lead bodies 12,
14. These additional lead bodies may be bonded in a
manner similar to the bonding described above. Alter-
natively, a third percutaneous lead body may be percu-
taneously positioned alongside the bonded lead bodies
12, 14 and may be used to provide electrical stimulation
similar to that taught by the Holsheimer model disclosed
in U.S. Patent Nos. 5,501,703 and 5,643,330, both
owned by Medtronic, Inc. of Minneapolis, MN.

Claims

1. An implantable medical lead for electrical stimula-
tion at a targeted stimulation area, the medical lead
defining a first and second side, comprising:

a first percutaneous lead body (12) having at
least one electrode (16),
a second percutaneous lead body (14) bonded
to the first percutaneous lead body, the second
percutaneous lead body also having at least
one electrode (16), and
a non-conductive coating applied to at least a
portion of either of the first or second sides of
the medical lead,

whereby the medical lead is percutaneously
implantable at the targeted stimulation area.
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2. The implantable medical led of claim 1 wherein the
first and second percutaneous lead bodies are
bonded together by a urethane material.

3. The implantable medical lead of claim 1 or 2 where-
in at least one electrode of the first percutaneous
lead body is positioned off-set to the at least one
electrode of the second percutaneous lead body.

4. The implantable medical lead of claim 2 wherein the
bonding of the first and second percutaneous lead
bodies is effected by multiple bridges of the ure-
thane material.

5. The implantable medical lead of any preceding
claim wherein the first and second percutaneous
lead bodies are bonded together by a continuous
urethane bridge (20).

6. The implantable medical lead of any preceding
claim wherein the non-conductive coating is poly-
urethane.

7. A method of forming a surgical lead body compris-
ing the steps of:

providing a first percutaneous lead body (12)
having at least one electrode (16),
providing a second percutaneous lead body
(14) having at least one electrode,
bonding the first percutaneous lead body to the
second percutaneous lead body to form the
surgical lead body, the surgical lead body de-
fining a first side and a second side, and
coating either of the first or second side of the
surgical lead body with a urethane material,

whereby the surgical lead body is percutane-
ously implantable.

8. The method of claim 7 wherein the bonding of the
first and second percutaneous lead bodies is ac-
complished by a plurality of urethane bridges (20)
molded to the percutaneous lead bodies.

9. The method of claim 7 further comprising the step
of positioning the plurality of electrodes on the first
percutaneous lead body adjacent to the plurality of
electrodes on the second percutaneous lead body
prior to bonding.

Patentansprüche

1. Implantierbare medizinische Leitung für elektrische
Stimulation in einem als Ziel gesetzten Stimulati-
onsgebiet, wobei die medizinische Leitung eine er-
ste und zweite Seite definiert und umfasst:

einen ersten perkutanen Leitungskörper (12)
mit zumindest einer Elektrode (16),
einen zweiten perkutanen Leitungskörper (14),
verbunden mit dem ersten perkutanen Lei-
tungskörper, wobei der zweite perkutane Lei-
tungskörper ebenfalls zumindest eine Elektro-
de (16) hat, und
eine nicht leitfähige Beschichtung, angewendet
auf zumindest einen Abschnitt von einer der er-
sten oder zweiten Seite der medizinischen Lei-
tung,

wobei die medizinische Leitung perkutan implan-
tierbar ist an dem als Ziel gesetzten Stimulations-
gebiet.

2. Implantierbare medizinische Leitung nach An-
spruch 1, wobei die ersten und zweiten perkutanen
Leitungskörper durch ein Urethan-Material verbun-
den sind.

3. Implantierbare medizinische Leitung nach An-
spruch 1 oder 2, wobei zumindest eine Elektrode
des ersten perkutanen Leitungskörpers versetzt
positioniert ist zu der zumindest einen Elektrode
des zweiten perkutanen Leitungskörpers.

4. Implantierbare medizinische Leitung nach An-
spruch 2, wobei die Verbindung der ersten und
zweiten perkutanen Leitungskörper durch mehrere
Brücken des Urethan-Materials ausgeführt ist.

5. Implantierbare medizinische Leitung nach irgendei-
nem vorangehenden Anspruch, wobei die ersten
und zweiten perkutanen Leitungskörper durch eine
durchgehende Urethan-Brücke (20) verbunden
sind.

6. Implantierbare medizinische Leitung nach irgendei-
nem vorangehenden Anspruch, wobei die nicht leit-
fähige Beschichtung aus Polyurethan ist.

7. Verfahren zum Bilden eines chirurgischen Lei-
tungskörpers, das die Schritte umfasst:

Bereitstellen eines ersten perkutanen Lei-
tungskörpers (12) mit zumindest einer Elektro-
de (16),
Bereitstellen eines zweiten perkutanen Lei-
tungskörpers (14) mit zumindest einer Elektro-
de,
Verbinden des ersten perkutanen Leitungskör-
pers mit dem zweiten perkutanen Leitungskör-
per, um den chirurgischen Leitungskörper zu
bilden, wobei der chirurgische Leitungskörper
eine erste Seite und eine zweite Seite definiert,
und
Beschichten der ersten oder zweiten Seite des
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chirurgischen Leitungskörpers mit einem
Urethan-Material,

wobei der chirurgische Leitungskörper perkutan im-
plantierbar ist.

8. Verfahren nach Anspruch 7, wobei das Verbinden
der ersten und zweiten perkutanen Leitungskörper
erreicht wird durch eine Vielzahl von Urethan-Brük-
ken (20), an die perkutanen Leitungskörper ange-
formt.

9. Verfahren nach Anspruch 7, weiterhin umfassend
den Schritt des Positionierens der Vielzahl von
Elektroden am ersten perkutanen Leitungskörper
benachbart zu der Vielzahl von Elektroden am zwei-
ten perkutanen Leitungskörper vor dem Verbinden.

Revendications

1. Dérivation médicale implantable pour stimulation
électrique dans une région de stimulation ciblée, la-
dite dérivation médicale définissant un premier et
un second côté, comprenant :

un premier corps der dérivation percutané (12)
ayant au moins une électrode (16),
un second corps des dérivation percutané (14)
lié au premier corps de dérivation percutané, le
second corps de dérivation percutané ayant
également au moins une électrode (16), et
un revêtement non-conducteur appliqué à au
moins une portion soit des premier ou second
côtés de la dérivation médicale,
ladite dérivation médicale étant percutanément
implantable dans la région de stimulation ci-
blée.

2. Dérivation médicale implantable selon la revendi-
cation 1, les premier et second corps de dérivation
percutanés étant liés par du matériau uréthane.

3. Dérivation médicale selon les revendications 1 ou
2, au moins une électrode du premier corps de dé-
rivation percutané étant positionnée décalée par
rapport à au moins une électrode du second corps
de dérivation percutané.

4. Dérivation médicale selon la revendication 2, la
liaison entre les premier et second corps de dériva-
tion percutané étant effectuée par de multiples
ponts en matériau uréthane.

5. Dérivation médicale selon une quelconque des re-
vendications précédentes, les premier et second
corps de dérivation percutanés étant liés par un
pont en uréthane continu (20).

6. Dérivation médicale selon une quelconque des re-
vendications précédentes, le revêtement non-con-
ducteur étant en polyuréthane.

7. Procédé de production d'un corps de dérivation chi-
rurgicale comprenant les étapes suivantes :

fourniture d'un premier corps de dérivation per-
cutané (12) ayant au moins une électrode (16),
fourniture d'un second corps de dérivation per-
cutané (14) ayant au moins une électrode,
liaison du premier corps de dérivation percuta-
né au second corps de dérivation percutané
afin de former le corps de dérivation chirurgica-
le, le corps de dérivation chirurgicale définis-
sant un premier et un second côté, et
revêtement des premier ou second côtés du
corps de dérivation percutané avec un maté-
riau uréthane,
le corps de dérivation chirurgicale étant percu-
tanément implantable.

8. Procédé selon la revendication 7, la liaison des pre-
mier et second corps de dérivation percutanés étant
réalisée par une pluralité de ponts en uréthane (20)
moulés aux corps de dérivation percutanés.

9. Procédé selon la revendication 7, comprenant en
outre l'étape de positionner la pluralité d'électrodes
sur le premier corps de dérivation percutané adja-
cent à ladite pluralité d'électrodes sur le second
corps de dérivation percutané avant la liaison.
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